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collected  from  tVo  SHORAD  battalions,  were  used  in  the  human  factors 
engineering  (HFE)  judgments  on  information  needs,  priority,  and  timeliness. 
A  procedural  event  analyalf  va|  used  to  .determine  the  opportunity  to.  use 
tlje  information.  ' 


^li 


Che  human  factors  engineering  judgments  led  to  a  listing  of  tour 
general  categories  of  information  elements.  The  categories  and  proposed 
minimal  SHORAD  information  requirements  are  (1)  mission  order:  weapons 
control  status,  state  of  alert,  primary  target  line  (PTL)  and  sector  of 
tire,  communlcatlons*«lcctronics  operation  instructions  (CEOl),  petroleum, 
oils,  and  lubricants  (POL)  and  atnmunltlon  supply  points,  threat,  defended 
n.snet,  unit  supported  and  friendly  element  locations;  (2)  air  defense 
warning;  (3)  early  warning  air  track  data:  position,  identification, 
heading,  and  raid  size;  and  (4)  engagement  air  track  data:  highest 
priority  threat,  range,  positive  identification,  weapon  information,  and 
flight  profile.  Some  of  these  elements  require  other  data  to  base  a 
dicislon  or  a  perception.  For  example,  positive  identification  of  air  track 
requires  direct  vision,  an  identification  friend  o:r  foe  (IFF)  response,  or 
hostile-acts  criteria.,  on^s t r 

The  limitations  of  the  approach  are  discussed.  The  advantages/ and 
llsudvantages  of  opinion  siirveys ,  as  well  as  information  theory,  signal 
ifiucrton  theory,  and  mental  workload  methodology,  have  been  discussed  in 
r«!uf Ion  to  verifying  the  information  requirements.  The  research /Approach 
by  the  Air  Defunsu  Team  is  Indicated  as  an  alternate  verification 
approach  whtsrehy  information  requirements  will  he  a  by-product  of 
“part-task'*  and  Integrated  soUiter-machine  interface  studii^. 
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AN  INFORMATION  ANALYSIS  OF  THE  SEORT-^GE  AIR  DEFENSE  FIRE  UNIT 


INTRODUCTION 

A  major  concern  of  the  soldier-machine  interface  (SMI)  is  the 
information  processing  capabilities  of  the  individual.  In  other  words,  how 
well  can  information  be  sensed,  gathered,  organized,  understood,  acted 
upon,  and  subsequent  decisions  be  made  and  executed.  In  the  face  of 
technologically  sophisticated  systems,  the  equipment  operator  is  forced  to 
process  more  information  at  increased  rates  compared  to  earlier  systems. 
On  Che  modern  battlefield  as  weapon  systems  become  more  advanced  and 
mission  capabilities  increase,  the  potential  peak  human  Information 
processing  requirements  may  surpass  Che  capabilities  of  the  soldier.  The 
information  processing  demands  can  be  decreased  by  automating  previously 
performed  manual  tasks  and  by  carefully  considering  human  factors. 


OBJECTIVE 

This  report  addresses  the  information  needs  of  the  short-range  air 
defense  (SHORAD)  fire  unit.  Its  objective  is  to  propose  a  framework  for  a 
minimal  list  of  information  requirements  bi  sod  on  (1)  information 
availability  and  the  opportunity  to  use  it,  (2)  information  priority,  (3) 
timeliness  (rate  of  recurrence),  and  (4)  the  capability  of  the  SHORAD 
soldier  to  use  t\x&  information. 


BACKGROUND 

Joint  Forward  Area  Air  Oefense  (JPAAB)  activity  has  resegnlsed  the 
problem  M  provltling  the  correct  Informatien  to  the  soldier  tad  requested 
t(t@  nsslstenee  af  tt^e  U.S.  Uumao  Engineering  Laboratory  (USAREL)  in 
addressing  it. 

the  infortiacion  requirements  of  short-range  sir  defense  eosMand  and 
control  (SHURAd  C^)  are  greeter  than  eoeparaiive  eehelons  of  other  combat 
elgisgnts  based  on  tKij  tasks  required  of  its  systeis  and  mission,  these 
mm  stringent  geniltions  Inelode  a  three-dlignsieaai  target  epiesj  visual 
target  identtfleatioe,  eospaunoed  by  the  possible  appreaih  of  the  target 
my  direetioni  and  the  lethality,  sped,  altitude,  and  maneuverability 
of  the  target  threat.  Other  eonditiens  Ineluie  re*Boie  lourees  of  sensor 
data  (as  opposed  to  e@loeated)i  air  defense  artillery  (aM)  eleitenti  being 
one  of  the  first  objeets  of  attaek;  the  tequiraoent  lor  jpositlve  hostile 
identification  prior  to  engagement;  lUtiltiple  liaisons  for  cosnand  control; 
and  Air  Force  aoostand  of  the  airspace  and  laeap^ans  eontrol  status. 


One  approach  to  eliminate  potential  overload  problems  relies  on  the 
premise  that  the  information  requirements  of  the  soldier  should  be  kept  to 
the  minimum  necessary  to  effectively  support  his  mission.  It  is  poor 
practice  to  design  a  system  to  present  the  soldier  with  all  available 
Information*  It  is  challenging  to  design  the  system  and  Its  operation 
based  on  Information  needs  and  timeliness,  and  the  soldier’s  desires, 
capabilities,  and  limitations  (i.e.,  an  approach  based  on  users'  needs 
and  cliaracteristics  rather  than  on  hardware  capabilities). 

Generalized  human  performance  consequences  during  information  overload 
include:  the  increase  of  errors,  the  increase  i.'  time  as  a  result  of 
filtering  fhe  information,  and  the  use  of  some  queueing  strategy.  In  the 
case  of  errors  and  increased  time,  performance  may  be  degraded  below 
acceptable  limits.  The  filtering  of  Information  will  compete  with  other 
fc-equireraents  of  information  processing  like  decision  making.  The  queueing 
of  information  will  also  require  mental  processing  and  may  place 
Information  in  an  inappropriate  location  in  the  queue. 

There  is  a  sizable  subdiscipline  of  human  factors  which  is  concerned 
with  the  study  of  measuring  mental  workload  and  ways  to  predict  what  the 
workload  level  will  be  under  various  circumstances  (Moray,  1979;  Ogden, 
Levine,  &  Eisner,  1979;  Williges  &  Wierwllle^  1979).  Once  measurement  tech¬ 
niques  are  successfully  developed  for  an  apillcation  (which  can  be  a  diffi¬ 
cult  and  time-consuming  effort) i  two  questions  about  predicting  workload 
arise;  (1)  Can  the  operator  adequately  perform  the  task  under  various 
conditions,  including  extreme  environmental  stress  or  system  operation?  or 
(Z)  Can  additional  requirements  be  placed  on  the  operator  without  nega¬ 
tively  affecting  overall  p^srformance ,  t.e,,  what  spare  capacity  Is 
available?  As  such,  a  mental  workload  approach  is  most  suitable  after 
system  design  to  test  and  evaluate  the  capability  to  use  information.  .  This 
technique  is  not  used  typically  to  address  information  requirements. 

Information  requirements  are  not  often  addressed  completely.  One 
indtraefe  approach  is  to  rely  on  a  thorough  definicton  of  the  task  along 
with  an  analyst's  judgment,  A  task  analysts  and  an  operational  sequence 
diagram  are  useful  tool#  for  defining  the  task.  Seldom  are  ioforaation 
requirements  speetfted  separately  from  a  specific  system  resign,  which 
makes  it  difficult  to  take  results  from  one  area  of  the  combi -led  arms  andi 
apply  them  to  anotlnir.  I 


imitidSdLhdy 

fhe  lack  of  an  estihlsshed  methedslogy  for  addressing  the  iftforsation 
needs  ©f  the  combat  soldier  was  a  difficulty  ewpertaaeed  during  this  effort 
and  required  that  a  methodology  developed,  For  the  most  part,  the 
approach  used  an  untried  technique  which  cannot  be  confirmed  without  a 
systeiiatle  mid  tise-consuning  series  of  data  eel  lection «  Although  the 
approach  is  subject tve,  it  brings  together  relevant  sources  of  information 
in  a  systeaatie  manner  to  enhance  judgaent.  The  methodology  is  depicted 
generally  in  Pigure  I*  first,  a  tentative  Information  t?-.sonom>-  was 
developed  a^  a  franework  for  infontation  concerns  of  the  ShhSAS  unit  (Step 
I,  ligare  1).  (See  Appendix  A  lor  the  backgrr^d  development,) 


From  the  taxonomy,  the  methodology  followed  two  branches.  One  branch 
used  the  taxonomy  to  survey  a  sample  of  SHOUAD  fire  unit  personnel  to 
determine  information  requested  to  complete  their  mission  successfully 
(Step  2).  Hiese  survey  results  also  provided  an  indication  of  the  priority 
and  timeliness  of  the  information  (Step  3).  The  second  branch  was  to 
consider  the  information  which  could  be  available  to  the  soldier  during  an 
engagement  (Step  4),  Some  information  is  clearly  not  of  concern  at  the 
fire  unit,  and  some  information  is  not  available  or  not  completely 
reliable.  The  output  from  this  human  factors  engineering  (HFE)  analysis 
wa«  «i9ed  in  a  comparison  with  the  fire  unit's  “opportunity"  to  use  the 
information  (Step  5b)  based  on  a  procedural  event  analysis  (Step  5a).  A 
STINGER  teas  was  used  as  an  example  fire  unit  in  this  and  all  other 
portions  of  the  methodology  requiring  a  specific  system  or  crew. 

Another  element  was  used  in  the  methodology.  The  STINGER  team's 
"capability”  to  use  the  information  (Step  6b),  which  is  the  most 
speculative  aspect  of  this  methodology,  was  used  to  the  HFE  judg’,‘.ent  to 
address  the  information  needs.  The  applicability  of  information  theory  was 
addressed  regarding  human  information  processing  capabilities  (Step  6a), 
The  results  of  the  information  survey,  the  STINGER  team's  "opportunity”  to 
use  the  information,  and  the  estimation  of  the  STINGER  team's  “capability" 
,  to  use  the  information  were  compared  to  make  recommendations  (Step  7), 

This  methodology  has  the  following  constraihtss  I)'  fire  unit 
..information  requirements  are  not.  static  but  dynamic,  1 ,6^,  they  have 
tple  dependencies  (e»g,,  'scenario,  mission,  weapon,  crew,  ■  weather , 
etc*),  2)  information  timeliness  Is  limited  to  a  generalised  case  because 
of  multiple  faetors,  3)  priority  is  addressed  in  »  seneral  case,  and  4)  the 
capability  to  use  the  information  is  dependent  on  the  individual  and 
^.^differtaeee  between  individuals.  The  recommendations  on  information  needs 
f  should  be  considered  with  t^se  constraints  fn  mind* 

§ 
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tt\e  4ofyre.attOft  fesi^onssy  was  used  iA  patt  as  the  basts  for  developing 
off  a  troop  s«r,‘ey.  A  survey  @f  SheiAO  platoons  wis  eondueted  at  Ft, 

Hood,  tX,  Jft  luly  1914,  Flatootts  ttm  the  1st  €a*^alry  Mvistee  and  tnd 
Ai'mored  Blvtsten  were  surveyed  regarding  their  esperienee  and  urelcftnees 
im  tniore^eion  aud  design  toMsats  fe-r  the  dcvelop«aeftial  SKePA©  6^  system, 
three  versions  of  a  questiennilre  w«re  developed  based  on  questions  derived 
fr§«*  ammtf-M  fre«  the  aaQM©  .System  Sreeiiieatlon  CA^CS  !fi4),  tl^ 
Kasaa  Fagters  Jggiaafring  StgtiMht  for  the  gystea  flJSAhSi-AO, 

l9S4)t  and  the  Air  Befense"  tsajj  ^search  Flan  for  (internal 

working  paper),  Vulean,  kcdsye,  and  Chaparral  platesns  ftwis  eath  division 
esepleted  a  fire  unit  version  of  the  questionnaire  (see  AppendiSs  s),  tw-@ 
forward  area  alerting  radar  (FAAR)  platoons,  ono  froi  each  division 
oo:t]K«l@ted  a  FAAR  version,  and  personnel  froo  the  battaiion  tactical 


operations  center  (TOC)  completed  a  battalion  (bn)  version.  Table  1  glvee 
details  on  tlie  respoa(]tents*  characteristics.  The  sampling  technittue  did 
not  stratify  on  the  basis  of  experience.  A  wide  range  of  SKORAO  experience 
was  represented,  from  the  new  recruit  to  the  career  noncommissioned 
officer.  As  such,  the  survey  is  a  sample  of  the  user  population,  not  a 
sample  of  "experts.**  A  ^all  report  of  the  survey  will  be  available 
subsequent  to  the  release  of  this  report. 

Tt^o  questions  directly  pertain  to  the  information  analysis  being 
described  in  this  report.  The  fire  unit  version  of  the  questionnaire  Is 
reproduced  in  Appendix  B.  Question  9  is  a  check  list  asking  for  the  fire 
unit  platoon  personnel  to  check  any  of  the  listed  items  of  information 
which  must  be  known  to  cotaplcte  tlie  combat  mission  and  to  place  a  question 
mark  by  any  Item  whic'n  was  not  understood.  Question  10  asked  the 
respondents  to  select  and  rank  order  the  five  most  important  items  from  the 
list  in  9  and  to  Indicate  how  often  the  information  would  be  used. 

The  responses  to  question  9  tended  to  indicate  chat  most  of  the  listed 
inforraatton  items  were  felt  to  be  important.  There  were  no  frequencies 
lower  than  47  percent  (t.e.,  42/90)  for  the  individual  information  items. 
The  lowest  frequency  was  associated  with  the  item  of  firing  doetrine. 
(Twelve  percent  of  tite  respondents  indicated  tliat  tliey  did  not  understand 
what  this  item  meant.)  Thirty-two  of  the  thirty-seven  items  in  question  9 
were  considered  to  be  tvecassary  information  by  66  percent  or  more  of  the 
respondents  (Table  2),  suggesting  that  a  majority  of  the  respondents 
desired  as  much  information  as  possible.  The  results  on  desired  neede. 
priorities,  and  timeliness  arc  summarlted  la  the  foUoving  sectloos. 


Priority  of  Information  Items 

The  rankings  of  the  group  responses  can  fee  considered  vO  result 
in  a  general  priority  seheme  for  %iv6  purposes  of  Step  3  in  Figure  U  the 
fire  unit  rankings  of  the  item*  in  question  9  appear  in  table  I.  In 
question  10,  respondents  were  s*ked  to  select  the  five  most  iapoctant 
taforaation  .terns  (from  those  listed  in  quattioft  9)  and  t©  rank  order  them 
ta  taportanee,  Tt^  Irequeney  results  from  this  question  were  eompoted  m  a 
weighted  mm»  ^  first  chrough  fifth  raaktag*  far  eaeh  tnferiSittion  item 
were  tabulated  and  sumaed  with  s  weighting  of  S  given  to  the  oiit  important 
item,  4  t@  the  seeend,  etc,  these  weighted  sums  were  rank  ordered  for  the 
information  Items  in  question  10  (Table  1)  and  compare  favorably  to  the 
ranis  ©f  frequeney  responses  for  question  b  (fable  t)»  §f  the  top  tear 
itess,  no  dlffereaee  in  orderint  oteurred  ^tween  the  two  quest A 
Spearman's  kho  eoerelation  between  the  ranks  in  questions  9  and  i@  Cfable 
was  whigh  is  significant  at  the  .0^91  level,  meaning  that  a 

positive  correlatioa  greater  than  ehanee  esiata. 


TABLE  2 


iUnkcd  Prequenclet  of  Infotmition  Itom* 


Ranked  Frequenclea  of 
Information  Items  in  Question  9. 


Rank  Information  Item  Frequency* 


Ranked  Frequencies  of 
Information  Items  in  Question  10. 

Weighted 

ak  Information  Item  Frequency  Sum* 


1.5 

Weapons  control  status 

1 

WCS 

154 

(WCS) 

89 

2 

Target  position 

152 

1.5 

Target  position 

89 

3 

Target  identification 

123 

3.5 

Target  identification 

88 

4 

Air  defense  warning 

121 

3.5 

Air  defense  warning 

88 

5 

MOPP  status 

73 

5 

Sector  of  fire 

87 

6 

Target  heading 

55 

6.5 

Target  heading 

85 

7 

IFF/SIF 

50 

6.5 

Hostile  criteria 

85 

8.5 

PTL  ' 

45 

8.5 

Target  type 

84 

8.5 

State  of  alert 

45 

8.5 

Number  of  rounds 

84 

10.5 

Number  of  rounds 

42 

10 

Identification  friend 

10.5 

Movement  order 

42 

or  foe  (IFF) /Selective 

12 

Ammunition  supply  point 

37 

identificstion  feature 

13 

NBC  report  1-5 

33 

(SIF) 

83 

14 

Hostile  criteria 

32 

11 

Raid  size 

82 

16 

Sector  of  fire 

31 

12.5 

Primary  target  line  (PTL) 

81 

16 

Raid  size 

31 

12.5 

State  of  alert 

81 

16 

CEOI 

31 

14 

Ammunition  Supply  Point 

80 

18.5 

Enemy  activity 

3U 

16.5 

Movement  order 

77 

18.5 

Target  type 

30 

16.5 

Engagement  priority 

'77 

-!Q 

Target  speed 

24 

18 

Mission-oriented 

21.5 

Map  data 

13 

protection  posture  (MOPP) 

21.5 

POL  resupply 

13 

status 

76 

24 

Engagement  Priority 

12 

19 

Nuclear,  biological, 

24 

R0E'= 

12 

chemical  report  1~5  ^ 

75 

24 

Weapon  map  location 

12 

21 

Rules  of  engagement  (ROE) 

'72 

26 

Track  designator 

U 

21 

Defended  asset 

72 

27 

Warning  report 

’u 

21 

Weapons  engagement  zone 

72 

28 

Defended  assets 

9 

23.5 

Enemy  activity 

71 

29.5 

Kill  araeasment 

7 

Target  speed 

71 

29.5 

Highest  priority  target 

? 

25 

Warning  report 

69 

31 

Priority  of  assets 

5 

26.5 

Communications- 

32.5 

Area  of  operation 

electronics  operation 

32.5 

Ail  corridors 

4 

instructions  (CEOI) 

68 

34,5 

Hattie  lines 

2 

26.5 

Petroleum,  oils,  and 

34 . 5 

ecu 

2 

lubricants  resupply 

68 

36 

Weapons  engagement  sone 

\ 

28 

Area  of  operation 

66 

37 

Fire  doctrine 

0 

29 

Priority  of  assets 

64 

30 

Highest  priority  target 

63 

31 

Battle  lines 

61 

32 

Weapon  map  location 

60 

33 

Track  designator 

54 

34.5 

Kill  assessment 

48 

34.5 

Electronic 

countermeasures  (ECH) 

46 

36 

Air  corridors 

46 

37 

Firing  doctrine 

42 

“There  was  a  possible  frequency  of  90  respondents. 

® There  was  a  possible  wei|hted  frequency  sum  of  6S0  (oeeurrios  if  ell 
90  vispondents  raJfcu  the  same  tttm  os  most  iapc^rsnO . 

*  The  rules-of'-engagement  item  uas  included  in  addition  to  weapons 
control  status,  state  of  alert,  and  haacile  criteria  to  raprese^vt  the 
collection  of  factors  it  makes  up. 


9 


Target;.  Daca  Priority  ;  /'V'  '  '  ■ 

The  target  data  which  the  SHOSAD  automated  system  proposes  to 
process,  trapamit,  add  display.,  for  alerting  and  cueing,  were  hypothesized 
(during  the  developmant  of  the  U SAHEL  fire  ui  It  information  list  in  Table 
pIA)  to  result  in  the  order  of  Impoetance  in  Table  3,  The  actual  priority 
,i  Tanking  la  T^  for  the  hypothesized  order 

7  folXoW»  '■ 

Position  was  "considered  to  he  the  most  Important  because  it 
IndiCc^tes  the  presence  of  a  track  and  some  idea  of  how  soon  it  should  or 
could  be  engaged*  Identification  was  considered  to  be  second  in .  importance 
because  it  further  indicates  whether  the  aircraft  should  be  engaged*  It  is 
t  not  of  first  Importance  because  of  the  difficulty  of  determining  the 
positiva  .Ideutlfication;  many  targets  will  be  of  an  unknown  idea'. tflcstion* 
Heading  and  speed  were  reasoned  to  be  of  third  Importance  since  they 
indicate  the  engageability  of  the  target  and  further  refine  how  soon  it 
could  be  engaged*  Aircraft  classification  information  was  next  in 
importance  since  it  provides  guidance  on  how  the  target  is  to  be  engaged 
and  the  time  a  track  may  be  in  an  engagement  envelope.  It  provides  some 
redundancy  regarding  speed  and  identification.  Raid  size  will  affect  the 
engagement  process,  e.g.,  in  a  STINGER  team  a  notification  of  multiple 
targets  would  indicate  that  both’ team  taembers  should  shoulder  3  weapon. 
Jamfliing,  special  track,  and  Ideotiflcatlon-confllct  indicator  are  special 
cases  of  Information  which  could  impact  the  engagement  process. 

Resulting  data  on  information  Items  pertaining  to  the  air  track 
information  set  nearly  fell  la  the  same  rank  ordering  as  the  hypothesized 
ordering  (Tables  3  and  4),  Two  exceptions  were  the  6th  and  8ch  rankings 
for  tlia  items  of  engagemant  priority  and  track  designator.  Although  these 
iceras  were  not  ranked  in  the  hypofcheeized  list,  their  rank  position  is 
logical.  Anotlier  difference  was  that  target  speed  was  combined  with  target 
heading  into  one  item  of  target  veloeity  for  th%5  prior  hypothesized 
ordering.  The  resultant  orderlof  from  question  10  for  track  items 

corresponds  quite  t^ll. 


Information  Timelinece  (Rate  of  Recurrence) 

As  a  second  part  to  question  iO.  the  responcients  were  asked  to 
indicate  how  often  they  would  the  S  asost  importaftt  , IfiCermation 
eleaentss  The  eategories  were;  eofttinoeasly'“‘»nvery  few  seeoadg, 
immediately**© very  few  minuses  oecaiioftally-’-every  few  hours,  and 
,lafrequcntly'^«very  few  days  or  wesks.  table  5  shows  the  treqwefteies  of 
tisiliftisa  by  she  ordered  inf ormat ten  eiemgntt*  Use  priority  rankings,  fr^ 
ctie  two  cottfirmieg  methods  and  timolineas  deta  provide  eonslderations  for 
the  ttuman  factors  engineering  lodgment. 


^1^  ^ 


TABLE  3 


Hypothesised  Order  of  Ivaportaoce  of  Target  Items 


1  Position  (asimuth,  elevation,  range) 

2  Identification 

3  Beading  and  speed  (speed  vector) 

4  Aircraft  claasification  (i.e.,  wing  typ^) 

5  Said  size 

6  Janming 

7  Special  track 

8  Identificatiop-eooflict  indicator 


R@l.’€tve 

Rank 


I 

A 


tabl::  4 

Target  Bata  Priority  List 


Targat  5iaca 

fvm  Table  ?. 
frequency  Rank 

Tirget  poaitioft 

8^ 

US 

Target  tdentiftcation 

88 

3.5 

target  headtiif 

85 

8.5 

Target  type  <^aea) 

84 

8- 

81 

U 

Iftgageseftt  priority 

77 

i8,5 

Target  «p€ed 

71 

13.5 

Track  designator 

S4 

33 

48 

34. S 

TABLE  5 


Desired  Timeliness  of  the  highest  Priority  Information 


Rank  from  Information  frequency® 

Table  2  Item 

Seconds 

Timeliness 

Minutes  Hours  Deys/Weeka 

1 

WCS  .  '  ■  '■  ■  ‘ 

43 

-  10  ■'  ■ 

...  . 

18 

0 

2 

Target  position 

40 

23 

■  -12  ; 

-■■  ■  '  2 

.1-  ^ 

3 

Target  identification 

35 

18 

,  ^11 

1 

1 

4 

Air  defense  warning 

35  ' 

9 

8 

13 

0 

5 

MOPP  status  ’ 

24 

-•5 

■-*  ■  ■  5 

12 

1 

6 

Target  heading 

18 

14 

:v  :V.  ,:4  • 

0 

0 

7 

IFP/SIF 

18 

11 

:■  ■-■  -3 

0 

2 

8.3 

PTL 

12 

6 

■  ■  "2 

4 

0 

8.3 

State  of  alert  ^  > 

15 

4 

5 

4  . 

1 

10.5 

Number  of  rounds 

15 

2 

7 

-  4 

10.5 

Hoveraent  order 

14 

3 

0 

5 

3 

n 

Ammunition  Supply  Point 

18 

2 

1 

7 

5 

n 

NBC  report  1-5  . 

12 

1 

3 

6 

0 

14 

Hostile  criteria 

14 

4 

4 

3 

1 

16 

Sector  of  fire 

10 

4 

0 

4 

0 

16 

Raid  ai*e 

13 

8 

2 

1 

0 

16 

CBQI 

12 

1 

3 

3 

2 

-18..5 

..  _ 

41 

6 

,  .5  .  , 

. .....  .1 

■ _ 0...._^;._ 

ia.5 

-Rftfej^y  actiyity 

13 

.  .2 

6 

5 

0 

2<i  ' 

target  speed 

12 

7 

3 

2 

0 

■■n.% 

Ktp  data 

5 

'  0 

2 

2 

1 

31,5 

Poi  resupply 

1 

0 

0 

3 

2 

■■-.  24 

V 

Engagement  priority 

i 

■  2 

2 

0 

0 

n 

..feiles  of  g.-igagement 

4 

1 

1 

0 

0 

24 

Weapon  map  location  ' 

4 

0 

2 

1 

0 

track  -kslgnator  -  . 

4 

3 

0 

0 

0 

t%  > 

,  Warning  repc.;t 

4  ;■ 

Z 

1 

1 

0 

'  saaita 

it 

a 

k 

0 

2 

0 

■  31,1 

Sill 

2 

\ 

0 

1 

0 

31.5 

Ulgheit  priority  target 

5 

-» 

1 

0 

0 

frlitity  ©f  asiets 

) 

■  i  ■ 

0  . 

a 

0 

n.s 

Afsa-ol  ©neff.tioa 

3 

9 

1 

i 

0 

^  Air  corridor?  . 

i 

0 

1 

0 

0 

“  14. S 

little  liate 

i 

0 

0 

1 

0 

34. S 

zm  ' 

i 

0 

0 

0 

1 

'36 

'Wteapnni  engssdisast  tone 

i 

0 

0 

0 

0 

37 

firins  doc-rine 

0 

0 

0 

0 

0 

*th8  of  tie«i  Eh8  icen  vsb  ehostt^  at  -anv  one  ©f  the.  tof  5  is©***  ©f 

©Ei<»rityi  tH©  -»§y  §0* 


Eagagemsnt  InCortsBtlon  Available 

To  fulfill  Step  4  In  the  methodology,  the  information  taxonomy  in 
Table  9A  was  reviewed  for  Information  which  waa  relevant  to  the  engagement 
situation  and  which  would  be  available  in  the  Manual  SHORAD  Control  System 
(MSCS).  This  stage  of  the  analysis  was  generally  a  reductionist  approach, 
considering  the  information  specified  in  the  taxonomy  and  determining  which 
would  directly  affect  the  engagement  situation.  (It  was  assvimed  that 
information  available  in  the  MSCS  would  be  available  under  any  Improved 
system.  Additional  information' may  be  available,  but  it  was  not  i.  )i  idered 
during  this  stage  of  the  analysis.)  The  engagement  information  considered 
to  be  available  and  its  source  are  given  in  Table  6.  The  sources  include 
the  division  air  defense  early  warning  (DAOEW)  net,  visual  detection/ 
observation,  identification  friend  or  foe  (IFF),  hostile  acts,  command 
(comd)  net,  standard  operating  procedures  (SOPs),  system  indication,  and 
proprioception,  . 

The  taxonomy  from  Table  9A,  from  which  the  Information  in  Table  6 
was  based, Is  primarily  founded  on  communications  to  and  from  the  fire  unit, 
the  absence  of  detailed  and  system  specific  weapon  information  is  apparent, 
e.g.,  minimal  information  is  presented  on  IFF,  weapon  radar  rangt.  data,  or 
infrared  (IR)  tone.  (The  absence  of  the  information  indicates  ai'  incom-| 
pleteness  of  the  taxonomy  in  its  present  form.)  Information  which  is  avail¬ 
able  at  the  fire  unit  and  of  contjern  can  be  determined  by  considering  a 
generalised  sequence  of  engagement  procedures  required  by  a  weapon  system,  i 


STINGER  Procedural  Event  List 

To  conduct  a  more  detailed  analysis  of  information  needs,  the  STINGER 
team  was  chosen  as  the  fire  unit  lor  discussion  purposes.  Two  generalised 
event  Itst^  are  given  for  STINGER  operation  (Step  5a,  Figure  0«  The  order 
of  events  is  generalised  because  of  the  relative  nature  of  event 
occurrences.  Not  all  events  will  always  occur  nor  would  they  necessarily 
occur  In  the  “relative, “  chronological  order  which  is  listed.  Table  ? 
lists  the  events  from  when  a  mission  is  received  until  a  potential 
engagement  situation  exists,  table  8  lists  the  decisions  and  actions  which 
tte  STINGER  team  makes  one©  the  engagement  situation  begins.  Similar 
action  events  i»re  used  to  the  STINGER  human  factors  engineering  critical 
task  analysis  during  ttte  system's  develop<aent  (General  Dynamics,  1973). 


Opportunity  to  Use 

The  Information  elements  of  the  engagement  procedure  were 
determined  by  considering  the  generalised  event  list  in  Table  8.  The 
information  Itesii  for  r»tep  Sb  (Figure  1)  w*ere  determined  to  fee  those  listed 
in  table  9,  Of  tliese  informat  ten  items  the  first  two  graupings  may  Have  the 
greatest  potent lal  for  presenting  problems  to  the  fire  unit.  The  first 
general  category  'vas  many  different  information  items.  The  air  track  data 
may  overwhelm  the  team  fey  either  the  Quantity  of  information  in  a  singl<^; 


TABLE  6 


Engagement  Infotmatlon  Available 


Engagement  Information  Available  MSCS  Source' 


'  Air  track  report  ■ 

Position 

X^ientlflcation 

Heading 
Wing  t^pe 
Raid  size 
Speed 

Weapons  control  order 

_ JifeapQQ^  eontrol  .atstwe _ 

State  of  alert 
Air  defense  warning 
Primary  target  line 
Sector  of  fire 
Rules  of  engagement 

Hostile  erlterta 
Weapon  orientation 

Rounds  rematntng 
iattlefleld  pometry 
Division  bouftdirtes 
Atr  eorridorsi  sonoi,  etot 
Warning  report 


Early  warning  (EW)  net,  visual 
detection 

EW  net,  IFF,  visual  detection, 
hostile  act 

,EW  net,  visual  observation 
EW  net,  visual  observation 
EW  net,  visual  observation 
EW  net,  visual  observation 

Cgomand  (coad)  oat _ _ _ 

Comd  net 
Cewd  not 
Cowd  net 
Corad  {let 

Standard  operating  procedures 
CSOPs),  corad  iiet 
SOPs,  cowd  net 
Systow  indiesttof,  visual 
obsorvatto{U  proprioeeption 
Visoal  obavivatlon 
iComd  not*) 


Corad  not 


IkWtleflv id" penis ry  not  b  transmitted  t@ 

unit  t«  tiMp  MSCS* 


TABLE  7 


Event  Lilt  of  STXMCER  Teea  Procedurci 


Trelolog 

Belie 

AIT 

Unit 

FKs,  THs,  TCs»  Crew  drilli 

SOPs 

Piet  exfirience 


U&rnlng  order 

Whet  the  mlieion  will  be 

When  it  ie  to  teki  piece 

Where  it  will  tike  piece 

Whet  initiel  priperetioo  to  «eke 

When  the  (kstilled  plio  ii  expected 

Accoopeny  the  eection  lender  on  cecoiweiiMace 

Receive  mission 

Kisslon  order  (PH  A4-)8) 

Sitaetlon 

Informetion  on  threat  end  friendly  forces 
Hill ion  end  intended  ectione  at  next 

higher  echelon  end  other  oeerby  AQA  unite 

Miatton 

gjcecation  -  -  —  --  - 

Tictlcel  plan  to  eceneplteh  the  mleeion 
Tiike  lor  eeth  individual 
Service  eun',»ori»««plin«  for 
Anti  tint  tton 
BtMupply 

CMuilty  evecuatlon 

Settoni 

ti|nal 

IP#  tnlofeattoft 

Badio  end  eatl  tlgse)  eigneie  and 

other  esfliroi  leafurai 
Location  of  leader  and  next  tw^ihar  Leader 
SflSiSSi  team  freptrettona  (fH 
Who  iup.jpanad? 

To  who#  tes  report f 
Call  litn  ind  Ise^ueney 
imere  t«  tAMt 

Whit  ie  co^^nieitisna  achedulet 

Setorily  arfaageiKiAti 

Thtsit 

lieipOM  tooteol  Stetue 
Siki^  of  alert 
Hiii  and  foal  Inaitloae 
SIpA  and  eownt«ti{|n 
lnseroetio<ie 
itiiiiit  satopply 

idiea  and  where  wilt  It^  hi  ce;^rocrattied? 


(CAntiAoed) 


TABLE  7  (CONTINUED) 

Event  List  of  STINGER  Team  Procedures 


Movement 

Request  a  change  In  position  or  in  other  orders  as  needed 

Occupation  of  position 

( Conceal »  camouflage,  £ortify<^agolag) 

Re<-e6tabll8h  communlcationa,  if  necessary 

Ready  system  for  action. 

Unload  system,  if  tucessary 

Assembly,  If  necessary 


l^apons  checks  (atnlmum) 

Battery  coolant  unit  (BGU) 

Safety  and  activator,  uncage  and  trigger 
IR  uindow  and  blowout  disk 
Humidity  indicator 
Acquisition  indicator 
SPP  receptselt 

Interrogator,  cable,  and  antenna 
Xndlc'ate  ’’ready  for  action*’  to  section  loader 


w-  Mfawagngi‘<* 

Coitbat  iltuatlon 
Ready  lor  engageioent 
Potential  engageuent  situation 


TABLE  8 


Decisions  and  Actions  of  the  STXNGER  Team  During  a  Potential 

Engagement  Situation 
(FM  44-18,  PM  44-18-1,  TM  9-1425-429-12) 


If  displayed  or  voice-told  track  data  are  received  as  early  warning 
or  alerting  information,  then  what  is  the  track's  position, 
'identification,  heading,  wing  type,  raid  site,  target  speed,  etc.?  Is, 
it  likely  to  Intersect  the  area  of  responsibility?  Is  it  likely  to  be 
30  engageable  target? 

If  the  weapon  is  not  already  shouldered,  should  it  be? 

If  the  weapon  is  not  readied,  then 

confirm  the  BCU  is  seated  properly, 

unfold  the  IFF  antenna, 

remove  the  front  cover, 

raise  the  sight, 

and  attach  the  IFF  cable. 

From  which  direction  and  wh«*n  will  the  target  unmask  (i.e., 
first  possibility  of  visual  Hue  of  sight)? 

If  an  object  is  a  valid  aircraft  target,  then  begin  the  eagagement 
sequence  * 

Point  weapon  and  center  target  in  reticle,  continue  tracking 
throughout. 

Actuate  the  IFF  Interrogation. 


uttat  Is  ttie  IFF  reply? 

Wh«  is  the  posiiivt  identlf teaftion  the  target  Cuslftg  data 
from  the  IFF,  visual  Identification,  hostile  acts,  report,  etc,)? 

Is  the  aircraft  crossing  or  Incomlng/outgolngf 

What  is  the  wing  type  of  the  aircraft? 

Is  aircraft  within  raftgs  Cose  a  time -count  jhile  for  jets 
0-  crossing  I  use  a  rangi-ria§  estioate  for  jets  incmslni,/ 
outgoing;  propelier/aircraf t  are  within  the  range  when  weapon 
4$  actSveted),  hostile  Identlf Icatlon  taade,  and  it  acquisition  loek-on 
obtained? 

C^ntinuei) 


1? 


TABLE  8  (CONTINUED) 


DecisloQB  and  Actions  of  the  STINGER  Team  During  a  Potential 

Engagement  Situation 
(FM  44-18,  FM  44-J8-1,  TM  9-1425-429-12) 

Should  the  target  be  engaged?. 

If  not,  should  others  be  alerted  by  radio  communication? 

Should  the  weapon  be  activated?  (AS-second  life  of  BCU  with  1 
activation  per). 

If  so,  operate  the  safety  and  actuator  (3-5  seconds  of  weapon  warm'wp). 
Has  a  distinct  IR  acquisition  tone  been  achieved? 

Uncage  IR  seeker. 

Test  for  seeker  lock-on. 

Has  seeker  lock-on  been  achieved  (uncaging)? 

For  superelevation  lead,  should  the  aircraft  be  placed  to  the  left, 
center,  or  right  fetiele?  -  -  -  - 

Insert  superelevation  and  lead  angle.  ^ 

Discriminate  the  strength  of  the  IR  acquisition  tone.  ‘ 

Firing  I  Have  all  requirements  been  met— tone,  smooth  track,  and  within 
engagement  tone? 

Hold  hs'eath. 

Actuate  the  fire  trigger « 

Continue  tracking  through  missile  launch. 

If  eihaust  plume  persists,  move  i^ay  from  plume. 

?^t  ftniagesent 

Remove  the  bCUi  within  %  minutes. 

Should  the  teajii  move  to  an  alternate  p^itionf 
Should  additional  weapons  be  readied? 

■Should  p^st‘*en^sf,e‘“ent  reports  he  made? 


IS 


TABLE  9 


Information  Items  Used  During  a  STINGER  Engagement  Sequence 

M1M.I  ■■■  IMIlll  -  ■  '  III!  I»  M  ■  MM  I.M-.,  ,,  '  M  M  llfll  <  «  r  P  >  WHIM  W>  flip 

Air  track  data~*lncludes  both  early  varnlog  and  directly 
observed  information 

Rules  of  engagement,  including  weapons  control  orders, 
feescile  ^terta,  sector  of^flre,  primary  target  line, 
and/or  battlefield  geometry* 

IRF  procedures  atid  interrogation  response 

Positive  identification  (based  oa  IFF  reply,  visual 
Identification,  hostile  acts,  LU  report,  etc*) 

Flight  profile  (crossing,  incoming,  or  outgoing) 

Range ' estimation  (in- or  out  of  range)  - 

indication  of  proper  veapon  actlvatloa 

AequialtiQn  signal 

Loek'-on  signet  ^latlve  strength 

Superelevation  .^04  lead  angles 

ar@  obtained  prior  t©  eftgsgg^gne  hr  we  tapatt  m 

procedures  and  decisions  during  engagoasnt. 


air  track  report  or  by  the  number  of  different  air  track  reports.  The 
second  category  requires  the  team  to  rely  on  memory  for  several  of  the 
procedural-related  Items,  e.g.,  rules  of  engagement  and  airspace 
restrictions.  The  Items  in  this  category  are  used  in  making  an 
identification  determination  and  an  engagement  decision.  Some  of  the 
specific  data  for  these  items  may  go  back  quite  some  time  in  the  historical 
event  line,  e.g.,  the  definition  of  weapons  tight  and  the  specification  of 
hostile  acts  are  taught  during  advanced  individual  training  (AIT)  (Table 
7).  Also,  the  interrelationship  between  the  rules  of  ingageraent  (ROB)  and 
ocher  doctrinal  aspects  create  a  difficult  decision-making  situation. 


Human  Capabilities 

Application  of  Information  Theory 

Infot-mation  theory,  derived  from  a  mathematical  communications 
theory,  has  application  for  assessing  human  capabilities  to  use  information 
(Shannon  &  Weaver,  >949)  (Step  ba.  Figure  i).  In  applications  to 
psychological  study,  tbs  human  is  viewed  as  an  element  in  a  communication 
channel.  Information  is  seen  as  a  statistical  qusjntity  that  describes  how 
much  information  is  conveyed  from  source  to  receiver  when  a  given  message 
or  stifficlus  is  delivered.  Resides  this  typical  view  of  informat  ton  in 
information  theory,  two  other  levels  are  cocaid^red.  The  second  involves 
Etie  meaning  of  the  information  t^fhlth  is  transmitted.  The  third  level  deals 
with  the  effectiveness  of  toformation  or  how  it  is  utilised  once  it  has 
been  received  and  understood.  The  first  level  Is  limited  wtrh  the 
successful  tranimlssion  of  the  message  or  perception  of  stimuli,  the  second 
with  the  successful  interpretation  of  the  message  or  stimuli,  and  the  third 
with  appropriate  adplloetien  &f  of  the  Inlometion. 


The  theory  of  inforsatioa  also  eonsiders  ahannel  capacity,  the 
eapseity  sf  a  coamunicaiton  ts  eofisidsrtd  to  fee  thf  mnimum 

pessifele  rate  of  trae®'sisiiiea.  In  feehavtoral  applleationt,  the  gr-eater 
interest  is  in  the  «»aunt  of  informatioo  which  tli  huaan  ein  preeess*  Tttis 
is  net  ©  quantity  that  i*  measured  dtraetly  hut  Ss  iftferfed  as  a  masimao 
poisifele  rate.  The  inferenes  depends  on  the  way  the  iesaratation  is  ended 
(ritta  4  fosner,  Itll).  In  tetmiati  engifteerinf  and  equtpeefti  design, 
iftforsailoft ,tfans#ission  eapeeity  has  leett  used  to  deteraiae  the  aasiauii 
nuafeer  and  types  of  oadet  possifele  withtn  a  presintattoa  modality  Ca.g.:^ 
Signal  loudaets  ha#  five  a^ntistently  dls^iriainahle  eategorie#),  the 
»asi#sj;s  rsfee  of  S:Ofo’r^tSon  presentatlofi,  or.  the  i^#iaua  rate  of  sperag.@r 
mMim  (fan  Sott  4  Warriefe,  the  ehannek  gapaelty  of  five 

diset iainahl.e  todes  is  equivalent  to  1.1  .felt#  Cfeinafy  unit#)  ©.f 
iftfor^tion.*  the  fsapaeity  of  ttnidi^niional  stii^li  generally  doe# 

not  esi^ed  hits  or  li  gategories.  the  .pereepteal  disc-tissinations 

whith  trsg  isafee  ^sly  . h«n4re.4i- - 'a-i  are  p^ssifete  beoause  of 

the  i^ltidiaenslonalitv  ©f  Ce.g',  v»lees  or  fares). 


Several  attempts  have  been  made  to  determine  the  upper  limit  oi  human 
information  proceaalogc  Van  Cott  and  Varrick  state  that,  ‘^Unfortunately, 
there  la  no  niogle}  simple  upper  limit;  rather,  it  varies  from  task  to 
task"  (p.  29).  For  the  response  system,  ths  limit  appears  to  range  froti| 
about  3  to  9  bits  per  second.  The  upper  rate  for  reading  is  about  43  bits 
per  second,  uhich  is  the  fastest  of  those  listed  by  Van  Cott  and  Warrick. 
In  general,  people  have  no  fixed  limit  at  the  rate  %t  which  information  is 
transmitted.  Differences  exist  because  of  different  stimulus-response 
codes  and  different  amounts  of  learning  (Fitts  &  Posner). 

The  difficulty  In  applying  the  inforrsation  theory  concepts  to  the 
engagement  tasks  of  the  SKORAO  fire  tu^lt  is  partially  because  the  subtasks 
have  complex  interactions.  The  expected  probabilities  of  the  individual 
stimuli  and  responses  are  equally  difficult  to  define.  The  technique  has 
some  po Leal lal  merit,  but  it  was  considered  insufficient  for  this  level  ofl 
analysis  to  make  the  necessary  assumptions,  on  event  lateractlons  and 
probabilities. 


Military  Occupatioiial  Specialty  (M0$)  16S  Skills  and  Qualifications 

The  queliflcatio**©  of  the  H08  are  indicated  in  Table  10. 
These  qualifications  are  mleisum  qembloed  requirements  for  entry  into  che 
168  KOS  series.  Skill  level  for  the  gunner  (MOS  code  16S10)  ia  level  li 
and  for  the  team  chief  (KOS  code  16S20)  it  is  a  level  2*  i 

The  physical  profile  considers  six  factors  which  have  been 
designated  POUIES.  The  factor*  are  P— pbytical  capacity  or  stamina, 
a — upper  estremiUes;, .  b=*l«mr  extr^mitloa ,  K^-.^artng  and- ear, .  S—eyo*. 
tnd  S«**psychl#trie*  Four  numerteal  designations  are  used  to  reflect 
(lAffereot  level*  of  functlofial  capacity*  A  deslgoatloo  of  I  indicates  a 
htfh  level  of  medical  fltncs*  and  a  I  Indteate*  that  an  Individual  seels 
entry  standards  but  possesses  some,  aedical  or  gliystcal  condition  which  may 
some  Iteitatlens.  BostgRatioa  3  or  4  is  reserved  fcr  aora  severe 
limitattens  tod  spaaial  cates*  The  HOS  1^8  phystc.al  profile  for  oyas 
indicate 9  a  requirement  for  e!rcellient  visual  acuity^ 

the  Artsd  Servi.e^s  Voeatloeal  Aptituda  fettery  CASV*AS)  is  used  to 
establish  menral  qual  if  lest  tons  f^jr  enlistment  iftd  selectisa  of  applleaats 
for  parttsulir  eccuptttesai  systeaj*  the  aptitude  feast  has  subcisegoties. 
in  the  foliswiag  areas'.  wnr4  knowledge*  codisg  speed,  arithsttie 
reisoning,  tool  ks^ ledge*  space  pefception^  meefe.a-nirai  Maprehetisisn *  shop 
iafereatien*  auteastsve  infosirafeion.  m4  eleetroftic  iafereatian.  For  the 
li$*  a  qualifying  score  in  the  aptitude  area  of  operator  (QF)  is 


TIsese  siiigideration*  ean  he  v#e4  ,a#  in  the  assessimtofe  of  tl^ 
eapahility  tn  use  the  iofomatiei*  Chtep  4b,  Figure  1).  furt^r  iiscussioft 
of  these  tapsbilities  follows  per  Step  t  of  t)^  SLth^^^logy,  humsn  factors 
engineer  iog  JudpaeM. 


TABLE  iO 


QiiaUficatlons  for  Initial  Award  of  MOS  16S  (HQ,  DA,  15>84> 

~-twr~n~rMTiri~i — iit' t-' ~mTr~-iTiT -rr~Trir~  T-~i~rniriri  ir  \i:it  j  i  w  j-r--  g.rn  iinrir  i' nnu. 

A  physical  4iisands  rating  of  very  baavy 

A  physical  profile  of  222211 

Klelffum  height;  of  64  inches 

Distance  vlsien  correctable  to  20/20  without 
nrultllocal  lenses 

Normal  color  vision 

A  (qualifying  score  in  aptitude  area  Operator  (0^). 
A  §@eurtty  clesranee  of  OONIflMNTlAL 


ftDISOUSoION 

By  completing  the  analyses  and  comparing  the  various  tables,  the 
following  observations  can  be  made  (Step  7,  Figure  1)«  Given  sufficient 
advance  notification  and  asoumiag  the  fire  team  is  not  "busy"  (i.e.,  team 
is  "ready  for  action"  and  is  not  currently  in  a  potential  engagement 
situation),  they  have  an  opportunity  to  use  as  many  Information  items  on 
air  tracks  as  are  available.  The  air  track  items  considered  are  target 
position,  early  warning  identification,  heading,  wing  type  and  speed.  To 
have  successful  engagements,  the  STINGER  team  needs  advance  notification  of 
an  air  threat.  Shouldering  the  weapon  and  making  final  assembly  actions 
take  about  10  seconds  (Chalken,  1976).  One  major  determination  of  the 
STINGER  HFE  task  analysis  was  that  advance  notification  is  almost  essential 
to  have  the  weapon  shouldered  and  readied  in  time  to  complete  engagement 
activities  within  the  weapon  frontal  engagement  zone  (General  Dynamics, 
1.973) 

The  collective  desired  priority  of  information  from  the  Ft.  Hood 
survey  is  given  in  Table  2.  For  the  information  items,  almost  80  percent 
(71/90)  of  the  respondents  requested  position,  identification,  heading, 
wing  type,  raid  size  and  speed,  as  well  as  the  engagement  priority  (see 
Table  2).  The  timeliness  (i.e.,  rate  of  recurrent  use)  of  the  Information 
was  request  . d  to  be  either  in  sec''ads  or  minutes.  For  the  six  target  items 
combined,  there  were  76  requests  for  updates  to  be  ir  seconds,  37  requests 
for  updates  to  be  in  minutes,  and  9  requests  for  the  u. (dates  to  be  In  hours 
or  days,  the  latter  which  appears  quite  unrealistic.  There  was  a  total  of 
122  timeliness  ratings  available  for  the  combination  of  the  six  items i 
indicating  about  a  93-percent  ( [76+37]/122)  request  rate  for  timeliness  In 
seconds  or  minutes. 

Various  considerations  vfere  made  to  gen?. rate  a  list  of  information 
requirements.  The  list  of  minimal  SHORAD  fire  unit  inforoatieii 
requirements  is  presented  in  Table  11.  Under  mission  and  early  warning  air 
track  data,  the  Information  items  are  listed  in  relative  order  of  priority. 
Under  the  engagement  air  track  data,  the  information  assumes  that  the  Crack 
is  within  detection  range  and  items  are  listed  in  the  general  order  of 
usage . 

One  critical  aspect  of  this  evaluation  which  has  not  been  previously 
considered  is  the  quantity  of  tracks  which  should  le  presotxted  to  the  fire 
units.  The  quantity  of  tracks  is  directly  related  to  the  information 
theory  concept  of  channel  capacity.  Under  a  separate  effort,  the  Air 
Defense  Team  has  addressed  this  Issue.  The  resulting  conclusion  was  that 
seldom  would  a  fire  unit  have  more  than  13  aircraft  within  a  10-km  radius 
of  its  position.  The  design  limitation  of  up  to  13  simultaneous  tracka 
should  be  displayed,  if  there  ia  a  highest  priority  track  rndlcatlon 
(XMCO,  1984),  The  priority  Indicator  should  serve  as  an  immediate  cue  to 
the  operator  to  single  out  that  track.  (Blinking  of  the  track  symbol  la 
the  recommended  coding  for  tl»e  priority  Indication,  DOD-STD-1477 ,  1983). 


TABLE  11 


Minimal  SllORAD  Information  Requirements 


Mission  order 

Weapons  control  status 
State  of  alert 
PTL  and  sector  of  fire 
Communications  procedures »  CEOl 
POL/Ammunitlon  supply  points 

Threat »  defended  assets  unit  supported,  friendly 
element  location 

Air  defense  warning 

Early  warning  air  track  data 

Position 
Identification 
Heading 
Raid  Site 

Engagomnnt  air  track  data 

Hlglwsst  priority  throat 

Range  (in  or  out  of  weapon  range) 

pasitttve  identification  (based  on  any  available  aourca) 
Beapoft  information  (aetivatien,  aequistcion,  loek'-on) 
Plight  profile  (ineoaing/ootgoing,  eroeslng) 


As  indicated  previouely»  the  information  is  highly  dependent  on  many 
situational  factors.  One  factor  which  may  have  critical  importance  is  the 
percentage  of  unknown  and  friendly  tracks  during  battle.  If  past  tracks 
have  been  predominantly  of  one  identification  during  a  series  of  past 
engagement  situations,  then  this  will  affect  the  expectation  and  perception 
of  later  Identifications.  If  the  percentage  of  friendly  tracks  has  been 
and  is  currently  close  to  zero,  then  the  fire  unit  personnel  might  venture 
to  take  a  riskier  approach  to  all  engagements,  l.e.,  they  may  relax  the 
criteria  they  personally  use  to  make  their  decisions.  On  the  other  hand, 
a  soldier  may  take  a  more  conservative  appro.->.ch  and  have  Increased 
expectations  of  friendly  aircraft  if  no  friends  htve  been  in  the  area,! 

One  approach  to  study  the  variable  decision  process  may  come  from 
signal  detection  theory  (Tanner  &  Swets,  1954;  Deatherage,  .1972).  Signal 
detection  theory  has  applications  for  evaluating  differences  between 
systems  as  well  as  among  observers.  The  approach  takes  into  account  the 
probability  of  correct  recognition  and  the  false  alarm  rate  at  the  same 
time.  “Signal-to-nolse”  ratios  are  determined  under  a  set  of 
circumstances,  and  plots  of  receiver  operating  characteristics  are  made  to 
determine  the  response  bias  of  the  observer  or  the  system.  The  theory  was 
developed  to  address  the  question  of  the  detection  of  a  signal  in  the 
presence  of  noise,  and  it  is  unclear  whether  the  approach  can  address  the 
SHORAD  identification  process.  The  three  categories  of  identification 
(viz.,  hostile,  friend,  or  unknown),  rather  than  the  simpler  case  of 
signal  versus  noise  and  the  multiple  factors  which  go  into  the  "positive" 
identification  process,  would  be  more  complicated  than  "traditional" 
signal  detection.  The  decision-making  behavior  of  individuals  is  highly 
variable.  One  way  to  obviate  the  potential  problems  this  inherent 
variability  characteristic  has  Is  to  provide  reliable  track  data  from 
sensors.  Until  an  improved  sensor  is  fielded,  the  reliability  and 
availability  of  track  data  are  tenuous. 

In  the  meantime,  suggestions  for  reducing  the  amount  of  track  data 
for  the  Enhanced  ttSCS  voice-toll  OAOEW  net  have  been  made.  Because  of  the 
results  of  the  HELOADS-l  study  which  indicated  that  the  Air  Battle 
Management  Operations  Center  (ABHOC)  introduces  (telays,  errors,  and  loss  of 
information  in  the  transmission  of  track  dace  to  tlie  fire  units,  there  Is 
a  ireed  to  modify  the  aBMOC  operations  (f’allesen,  Smyth,  a  BlaektiKJC,  1983), 
One  of  three  suggestions  wf\teh  \Mis  been  cM»de  reduces  the  length  (through 
the  reiaoval  of  concent)  and  format  of  the  SHORAD  track  messages  (?allasen, 
i984),  tlte  modified  versions  of  the  track  messages  were  developed  to  have 
simplified  wording  (e*gM  the  use  of  “New  Track"  in  place  “Initial 
Track,  Initial  Track"),  and  the  information  items  were  changed  to  contain 
only  the  foUewingi  (U  the.  ty|>c  of  track  msssage,  (2)  the  identtf teatioo, 
only  if  U  is  different  from  unknown,  (3)  tvve  position,  and  (4)  the  track 
designator. 


Those  items  which  are  most  likely  to  overload  the  fire  unit  during  an 
engagement  are  (1)  excessive  early  warning  air  track  information  unused 
because  of  ongoing  procedures  and  decisions,  (2)  excessive  time  in  a 
"battle  station"  state  of  alert  when  it  could  be  relaxed,  or  (3)  excessive 
numbers  of  conditional  criteria  for  engagement,  i*e,,  rules  of  engagement, 
varying  due  to  battlefield  geometry,  sector  of  fire,  or  excessive  criteria 
for  hostile  acts.  Excessive  air  track  information  can  stem  from  too  many 
track  reports  or  too  much  information  contained  in  the  report.  The  spe¬ 
cific  information  processing  "channel  capacity"  was  not  computed  because 
of  the  complexity  of  the  data  relative  to  other  applications  of  information 
theory,  the  continuous  nature  of  the  items  and  related  difficulties  in 
determining  probability  of  event  occurrences.  Complicating  factors  for 
using  nuiltiple  engagement  criteria  are  the  load  on  recall  and  the  speed 
stress  of  performing  in  a  fast-moving  battlefield  situation.. 

An  early  notification  to  the  approximate  position  nt  track  acquisition 
has  been  shown  to  increase  visual  detection  ranges,  however  a  combination 
of  weapons  control  orders  and  an  air  defense  warning  Indicating  the 
imminence  of  attack  may  be  sufficient  information  in  some  cases.  At  least, 
that  has  been  the  opinion  of  some  of  the  Army  (Fallesen,  1982).  The 
belief  held  by  some  is  that  as  long  as  a  fire  unit  has  an  assignad  primary 
target  line,  search  sector,  air  defense  warning  of  red  (or  yellow),  and  a 
weapons  control  ordt^r,  they  will  be  able  to  succeed  in  their  mission  and 
that  specific  cueing  level  target  data  are  not  required.  This  is  contrary 
to  soma  who  contend  that  alerting  and  cueing  data  are  needed  cn  specific 
targets.  There  is  some  objective  evidence  to  support  the  contention  that 
data  of  cueing  accuracy  improve  target  detection.  If  position  information 
is  given  with  a  fair  degroe  of  precision  (l.e,,  a  range  window  of  1  km  and 
10  degrees  in  azimuth),  there  is  an  operational  gain  of  about  15  seconds 
or  700  meters  over  an  alert-only  condition  for  small,  fairly  slow-tccving 
targets  (viz.,  OH-58  with  a  l-meter  cross  section,  traveling  about  90 
knots)  (Fallesen,  Kurtz,  &  Fry,  1982).  The  contention  that  PTh,  air 
defense  warning,  and  weapons  control  orders  are  sufficient  Is  an 
oversimplification  of  the  cov^bat  conditions  which  are  affecting  the 
operations  and  tasks. 


RECOf^CENOATIONS 

The  findings  presented  are  h^sed  on  iorvey  data  and  analytleal 
jodgmencs.  There  is  a  lack  of  alternative  techniques  which  could  be  ‘.ssed 
tc  cross-vaildata  the  determinations ,  One  method  to  validate  and  extend 
the  conclusions  Is  to  conduct  additional  interviews  and  surveys  of  '"expert" 
practitioners  and  commanders.  The  suevvys  could  attempt  to  refine  the 
knowledge  about  the  Inforasation  tasonomy,  procedures  of  information  ceagi, 
and  ultimately  the  information  requirements.  The  subjectivity  o£  this 
surveyed  approach,  as  vnall  as  that  conducted  at  Ft.  Hood,  is  '^uth  a 
strength  and  a  weakness .  It  is  worthwhile  to  obtain  the  collect  Ive 
judgments  and  desires  of  ilw*  applicable  population,  but  subjective  data  may 
not  naeessa.ily  liave  a  strong  correlation  with  true  performance  outcomes ^ 


One  neans  of  addressing  information  requirements  is  to  apply 
information  theory  to  the  measurement  of  Information  usage  and  apply  mental 
vorhload  methodology  to  predict  information  overload.  The  use  of 
information  theory,  workload  methodology,  and  signal  detection  theory  in 
addressing  the  applied  nature  of  SHORAD  fire  unit  information  requirements 
would  take  considerable  theoretical  and  practical  work  to  perform 
evaluations  under  "realistic*’  situations,  yet  with  the  criterion  of 
maintaining  experimental  control. 

An  alternate  approach,  which  is  more  applied  but  less  direct  in 
addressing  the  information  requirements  issues,  is  one  that  the  Air  Defense 
Team  hao  taken.  Data  to  address  the  requirements  issue  will  be  obtained 
Indirectly  through  "part-task"  studies  of  the  performance  of  gunner  crews 
with  prototype  display  equipment.  Subjective  opinions  of  the  equipment 
operators  will  be  collected  and  will  provide  additional  information  to  that 
collected  during  the  Ft*  Hood  survey  which  was  limited  to  conceptual 
evaluations.  The  Intent  of  the  proposed  studies  at  the  level  of  the  fire 
unit  is  to  determine  how  Individual  information  items  which  could  be 
presented  through  an  automated  SHORAD  system  (AOCCS  ?0,  1984')  are  best 
presented  to  the  individual.  Questions  of  presence  or  absence  of 
information,  timeliness,  quantity,  priority,  and  format  will  be  addressed 
to  see  what  particular  presentation  formats  will  enhance  or  degrade 
typical  effectiveness  measures,  like  range  of  target  d&r.e>itlon. 

Studies  are  being  planned  to  evaluate  alerting  modes,  display 
alerting  formats,  cueing  resolution,  initialization  of  the  display  device, 
and  the  effect  of  symbolic  landmarks.  An  analytical  effort  is  being 
conducted  to  determine  the  quantity  of  targets  to  display,,  and  follow-on 
efforts  will  consider  the  Information  modality  (e.g.,  through»"the-3ight 
display  vs.  audible  display  vs.  man^portable  computac  display).  The 
“part-task"  evaluations  will  lend  to  the  consideration  of  Information 
requltemsots  and  to  recommendations  for  an  Integrated  design.  The 
objective  is  for  results  from  the  partial  display  studies  to  provide 
predictions  :*>hout  Integrated  design  and  system  performeoce,  and  to  refine 
methodology  so  further  closure  can  be  obtained  on  information 
requirements.  Far  now,  the  proposed  SHORAD  fire  unit  information 
requirements  are  suggested  to  include  the  items  in  Table  U  under  the 
categories  of  mission  order,  air  defense  warning,  enrly  warning  air  track 
data,  and  engagement  air  track  data* 
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APPZNDIV  A 

DISCUSSION  OF  INFORMATION  TAXONOMIES 


DISCUSSION  OF  INFORMATION  TAXONOMIES 


Awareness  to  the  importance  of  the  information  elements  of  SHORAO  has 
been  a  recent  concern  of  USAHEL,  In  the  third  quarter  of  FY83  an  internal 
working  document,  Air  Defense  Team  Research  Plan  for  SHORAD  ,  Indicated 
that  the  fire  unit  information  requirements  should  be  identified  as  the 
initial  step  in  research  to  develop  fire  unit  SHORAD  control  and  display 
concepts.  A  ,jreliminary  determination,  intended  to  be  all-inclusive  of 
fire  unit  information  (as  opposed  to  selective,  reductive)  was  generated  by 
round-table  discussion. 

A  framework  was  proposed  to  organize  the  information  elements  as  (1) 
target  information,  the  threat  or  stimuli,  (2)  weapons  Information,  the 
response  capability  or  posture,  and  (3)  the  combat  environment,  the 
situation.  Table  lA  lists  that  preliminarv  source  of  information. 


Table  lA 

Preliminary  Fire  Unit  Information  List  Developed  by  USAHEL-AO 


Target  Information 

Azimuth 

Elev^jtion 

Range 

Speed  vector 
Identification 
Friendly  aircraft 

Weapons  Information 

Detvctabi  I  It y 
Priaiary  targes t  line 
Weapon  orientation 

Combat  cnvifontfient  inf  av  .uat  ion 

Weapons  control  ordof 
Air  dofenac  warning 
Air  corrltiors 
c&ot 

Ter  fain 

Area  af  operation 


Number  of  aircraft 
Track  designator 
ECFi  jamming 
Target  signature 
Threat  priority 


Ertgago  ability 
Sector  of  fire 
Roonds  remaining 


Frag  and  warning  order 
Aasot  priority 
IFF  codes 

feograpbio  position  of  anlt** 
Ci  Itaatos 
Hap  data 


S<CCau#o  of  tbe  criti<'al  nature  of  information  in  the  do  va  lopntortt  of 
the  SHOS-Ai'  C*  syst^e,  '  nooesaafy  to  hava  tbi?  list  r'ovi^wod  and 

enbancod.  IQfCss,  Inc.  la  tocbnical  support  (-onttitctoif  to.  t'SAFSi  in  APA 
operations,  training,  and  doctrino)  wns  tasked  to  jcviow  the  list  and 
provide  comnsents.  Fases,  C.9rp,  (a  tocbnlcal  support  contractor  i«  buMiae 
;  “s  analysis)  va«  tasked  to  evaluate  tbe  tax-onowy,  develop  a  new  owe  if 
jwdftod  oecessai  and  provide  tbe  detailed  contents  of  tbe  taitonamy . 


The  development  or  standardization  of  an  information  taxonomy  was 
judged  important  for  a  number  of  reasons.  A  taxonomy  provides  a  standard 
framework,  to  work  with  to  make  references  to,  and  to  add  and  dolete 
information  as  necessary.  For  example,  in  human  engineering  it  can  be  used 
as  a  checklist  for  designing  a  system  to  display  information.  In  modelling 
it  can  be  used  as  a  basis  for  developing  a  model  and  for  describing  its 
completeness.  A  taxonomy  provides  a  hierarchical  categorization  so  that 
relationships  tetween  elements  can  be  seen  by  their  location  in  the 
taxonomy.  The  taxonomy  can  generate  ideas  about  what  should  be  included. 
It  organizes  information  elements  so  that  different  items  are  placed  on 
similar  levels  of  specificity  and  type. 

Taxonomy  Development 


Additional  taxonomies  were  provided  by  Essex  as  other  potential 
classification  schemes  in  a  draft  report  (Benel,  1983).  Essex  contacted  a 
number  of  sources  to  develop  the  taxonomies.  One  source  was  XMCO.  The 
taxonomy  resulting  from  that  discussion  was  based  on  the  echelons  of  SHORAO 
(Table  2A). 


Table  2A 
Essex  Taxonomy  I 


Fire  Unit 
Alerting 
Cueing 

tdentif ication 
C2 

ROE 

WCO 

Air  dsfen&e  w3Vf,tng 

other  cdtimrand  inloraral ion 

gKgpN 


Fiatoon/Section 

Alerting 

Cueing 

Identtf Icat ion 
C'i 

KOI 

WCO 

Air  cteieftse  warning 

Fire  control /distribut ton 
Other  ceajaantJ  tnf oftetatioft 
©iCON 


Katterx 

Early  warning 
tdentii ication 

firourtd  battle  Inforaiatien 
Adttin  list  tat  ion/ lagisit  i<£is 


Kattalton 

iatly  warning 
1  ifent i i icat ion 
Ait  track,  data 

!..round  battle  Iftforifitat  ion 

Asf*.i nisttat  iort/logistin'' 


A  second  proposed  taxonomy  was  developed  baaed  on  discussions  with 
DOTO,  Ft.  Rliss.  TX  (Table  3A>. 


Table  3A 


Essex  Taxonomy  II 


n 


DeCectlon<-*  Alerting,  Cueing 
Identification-  IFF,  visual 
Decision-  Engagement  rules,  doctrine/tactics 
Action-  Engage  or  not,  next  move 


This  taxonomy  initially  appears  appealing  due  to  its  simplicity  and 
brevity,  however,  it  is  oriented  to  task  elemets  or  functions  within  an 
engagement  situation  and  not  directed  to  information. 


The  outline  of  a  third  taxonomy  was  proposed  based  on  functional  areas 
(Table  4A). 


Table  4A 


Essex  Taxonomy  III 


M 


Operations 

Control  of  fire 


Hostile  criteria 
Target  assifftment 
Warning  procedures 

Coisauni  cat  ions 
Freqoeneiei 

Admlnigtratlon 


logistics 

Haintenanco 

Support 

Resupply 


A  fowrtn  taxoniswiy  oensldersod  by  sssex  was  '’■itsoO  on  sbe  source  or  tbe. 
network  on  which  the  istforeation  was  transmitted.  However,  not  all 
iniof‘''4tiort  Is  tfansoitted  on  radio  networks  or  Is  oni^iae  to  one  rad&o  net, 
^ssox's  final  attempt  was  to  settle  f#?  a  ’‘rharacterl?  E  loft“  of  the 
inforttstian  transmission  process,  based  on  the  I'actofS  in  Table  Swt'ofe 

El*e  effort  was  eo«tpleied,  the  task  was  halted  for  several  reasons.  Ope  ■=*! 
the  reaSoJfS'  was  that  the  A®OCS  iibep'  re  leased  *  draft  specification  for  tse 

SHPiAO  systew  (A&bCS  P0,  with  their  own  organisation  of 

Inforoation. 


TABLE  SA 


E«««e  T«xnao«y  IV 


Bulc  Factors  lor  Chsr/'ctsrlxiog  InlorssCioo 

Kessage/infontAtion 
Ccnerator  or  tourc* 

Tranaaicter  node 
Relay 
Receiver 
Oieplay  node 


As  a  result  of  the  XMCO  taaltlag  foT  an  opcratlonal-utUlty  review  o£ 
the  OSAHKL-At)  taxonoaiy  (Table  lA),  several  comaents  wert  offered.  XMCO 
suggested  detailing  who  needs  the  Inforaatlon,  e>g.,  the  gunner i  the  teas 
leader,  or  the  observer.  Additional  InfcrssClon  was  added  and  prellslnary 
dlscrlelnatlon  of  the  iaport&nce/prlority  of  the  Information  was  sade.  They 
did  not  feel  It  necessary  to  change  the  basic  orgenisatloa  of  the  caxoooey 
(Table  6A)  (JMCO,  1983). 


Table  bA 


XMCO  Modification  to  USAHEL-AD  Taxonosy* 


Target  information 

Atltauth  or  eoordlfiites  1 

Data  source 

2 

Elevation  or  altitude  t 

Friendly  aircraft  location 

« 

Range  $ 

Eensor  correlation 

2 

Identif leattun  1 

Aircraft  type 

2 

Track  stesleoator  1 

Rustser  of  alt alt 

2 

torvsl  priority  1 

Target  signacurc 

2 

i,oeat  loA 

t 

beteeeafel  Uty 

2 

rrlsaty  target  il-te 

t 

^ttsar  trtf  ftftiiat  ts-n 

-> 

<s 

tteapoa  orientaflon 

1 

Aownda  toealniftg 

2 

Operabl  Uty 

tftgageabi lit? 

Ci9<r»&at 

Me  a  o  nt  ?■>»  1  at  a  t  vs 

i 

Frac»eat  9a4  waralag 

d- 

Air  defense  varetag 

t 

IfEtits*  fsegrsphiC  ee>sltiv4 

Asset  prlpri'y 

t 

Ci.61 

4. 

Atr  svrrl.l??® 

t 

Ti'rrala 

•e, 

Mea|H!>e.s  ■engs^eewet  *@*ss 

t 

Meaesrer 

ifT  •ja-iSes 

t 

Area  a.f  eperstlew 

5 

fir  lag  ^j-striae 

t 

1 

RjjIcq  af  a*».a.^ee»«t 

t 

tfastlla  criteria 

% 

Sthier  e-wtrsl  efeasvtee 

I 

*7t5e  and  enanuef^*, 

ie»«  isfereatls?*- 


AOCCS  InfosodtloQ  Sets 

RZ  the  tine  thst  about  3{I  information  seta  were  introduced  for  the 
bHORAD  aystesK  It  was  unclear  vSy  tlie  sets  were  developed  as  they  were. 
The  elements  were  not  organized  into  ** chunks “  of  Information  which  could 
enhance  recall ,  understaadsbility«  and  utility  from  the  users'  perspective* 
Possible  reclasslfiestion  schetaes  that  considered  were  based  on  tiie 

Infuraatlon  in  Table  7A. 


Table  7a 

Taxonomy  Schemes  for  the  SHORAD  Information  Sets 


Information  type  (AOCCS  PMO) 

Procedural  intecection  (Essex  taxonop\y  II) 
Source/receiver/processor/request  (Essex  taxonomy  IV) 

Inforuatton  transfer:  Automat ic/manual  traasmission* 
processing,  request 

Systems  approach:  threat,  weapon,  environment  (USAHEL) 
Information  organized  by  echelon  (Essex/XMCO  taxonomy  I) 
Timeliness  requirements 

Functional:  Operations,  coRssunl cat  ions,  administration, 
logistics 

Target  data,  coaraand  orders,  unit  status,  eoamy  inttilUgence , 

NBC  conditions,  communtcations  security,  battlefield  location 


It  was  decided  that  the  systems  approach  eoabined  with  the  transfer 
schema  would  ha  useful  ss  a  class  if  teat  ion  scheme,  other  characpertitte 
such  as  tistellness  could  he  Incorporated  into  the  taxonoey  as 
needed.  The  contents  of  the  taxonomy  are  based  largely  eo  tire  inforeatitn 
sets  for  an  a«tasated  systea  in  the  SMMAft  toftten  Speci  f ieat  tan  (HIS 
34S85)  (AiJOCS  F0*  19S1), 

Four  high-eeder  categories  were  used,  wcsdiffioi  the  previous  USAMSh 
eatoforie#  by  adding  inior^tation  transfer.  This  Ivupefully  provides 

a  logical  hlfefarchy.  Information  itees  were  reaftaiged,.  inforuatton 
transfer  provides  a  category  for  the  request  and  handUne  of  inf  c-r«iaf  ton, 
the  wea^o/unit  provides  a  (sategory  which  the  user  can  ask  about  his  ovn 
unit  or  anything  applying  to  his  teas/ squad*  The  tacgct/threat  ;at«sor5i 
Involves  data  ahout  the  air  hattle,  the  couhat  env^ironoent  includes  tho?e 
situational  assets  whieh  are  secondary  to  Ms  operat?ue  (see  tahles  gA  and 
9A),  A|!5t«ndlx  tt  Os‘  the  SltOtAa  Svsteo  gfi^ci.iica.tloft  indicates  the  4at^ 
eleacents  contained  In  each  Information  ^t* 


TABLE  8A 


Reclassification  of  the  SHORAD  Information  Sets 


(Numbers  in  parentheses  correspond  to  the  information  set 
-  numbers  in  Appendix  II  of  the  SHORAD  System  S.P.^.CifiCAtipn 
and  identify  it  as  SHORAD  system  specific  set  of  information.) 

I.  Information  transfer 

'  ;  A.  Data  management  (17) 

-  Unit  position  request  (14) 

Acknowledgment/ compliancei 

II.  Weapon/unit 

A.  Weapons  control 

1.  AD  warning  (1) 

2,  Weapons  control  order  (2) 

'B,  Mission 

1.  Movement  order  (27) 

2.  Sensor  management  (3) 

3.  IFF/SIF  reporting  code  (28) 

4.  IFF/SIF  effective  code  (29) 

C.  Unit  status 

1.  Unit  operational  report  (4) 

2.  Supply  and  equipment  status  (9) 

3.  Summary  unit  status  (26) 

III.  Air  track/threat 

A.  Air  track 

1.  Air  track  report  (4) 

2.  Track  management  (15) 

3.  Air  track  identification  report  (13) 

4.  Kill  report  (6) 

IV.  Combat  environment 

A.  Battlefield  geometry  (8) 

1.  Data  link  reference  point  'DLRP)  (16) 

2.  Unit  posiv-ion  report  (16) 

3.  Pointer  (7^ 

B.  Intelllgonce/emergency  mesaages 

1.  Warning  report  (19) 

2.  NBC-1,2,3,4,5  (20,21,22,23,24) 

3.  Effective  downwind  message  (25) 

4.  Emergency  activity  report  (11) 

5.  ECM  Intercept  (5) 


Tabl*  9A 


/Uidltlon  of  Inforiution  Xt«M  to  lnforia«tlon  Set*  fron  Table  8A 


I.  Infonutlon  tranafer  (Initiate  requeat*  and  provide  reaponses) 
A.  Data  aanagenant  (17) 

Unit  poaltion  requeat  (14) 

AcknowledgMent/coapllance 

11.  Ueapon^Unlt 

A.  weapon  control 

1.  AD  warning  (1) 

2.  Weapon  control  order  (2) 

3.  Other  weapon  control  neasurea 

B.  Mission  (OPORD  &  PRAGO) 

).  Hoveoent  order  (27) 

a.  Location 

b.  PTL 

c.  Sector  of  fire 

d.  Supported  unit  and  type  of  support 

e.  Rules  of  engagement 

2.  Sensor  management  (3)  (Sgt  York) 

3.  IPF/SIF  reporting  code  (28) 

4.  IFF/SIF  effective  code  (29) 

C.  Unit  status 

1.  Unit  operational  report  (10)  (operability  end 
engageahlllty) 

Supply  and  equipment  status  (9)  (rounds  remaining) 

3..  Summary  unit  status  (26)  (used  by  higher  echelons) 

D.  Engagement  conditions 

1.  Weapon  orientation 

2.  Concealment,  detectability 

3.  Rounds  remaining 

E.  General  Information 

1.  SOPs,  docertna,  hoatlle  criteria,  etc. 

Ul.  Target/ihreat 

A.  Air  track 

1.  Air  track  report  (4) 

a.  Posit ftlevailon.  Mage,  er 
coordinates 

b.  IdentiflcsttoQ 
e.  Heading 

d.  Wing  type  (clasalftestlon) 

e,  gold  site 
t .  Speed 

g.  trask  deslgnster 

2,  Track  aanagement  (J)) 

).  Air  trsck  tdeat  Ilf  lest  ton  report  (tS) 

a.  ideotldtation 

b.  Track  dest|natar 

4.  (tin  report  (61 
),  gest  tfttereept  s5) 

fe.  threat /engagement  prtetUy  4lg&titi«e« 
a,  Data  source 

h.  Sjesmnr  cerrelattens 


{V.  cneireameftt 

A,  fcattlsf Seld  geoaietry  {#> 

1»  lattlsfleld  ge**etry  types  (1*161.  s.g.,  aesst®. 

elf  eetrSdsts.  at  'srads!  uanagswent ,  «tt. 
i.  B%AP  (lA) 

J.  fe«lt  po^itSv*  repert  (1*1 

i.  Pelnter  {ij 

a.  IntelllgeneaT/emeffeney  eeavaej’® 

5.  Hefmtng  tepert  (191 

1.  Sf(r«t5-ee  li'vewlM  reeSage  (Jj) 
a.  Jjicrgene'i'  aittetts  tep-etl  (HI 


m 


The  system  specif Icstlon  provides  s  requirement  for  the  maximum 
transmission  time  for  the  Information  sets.  The  sets  fall  Into  four 
categories  of  required  speed  (3|  1C»  30,  and  64-‘second  maxlmums).  Table 
lOA  Indicates  the  ordering*  Listings  vithin  categories  are  alphabetical *1 


APPENDIX  B 


DSAHEL  SHORAD  FIRE  IINIT  QUESTIONNAIRE 
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USAHEL  SaORAD  FXSE  UKIT  QUESTIONNAIRE  | 


The  United  States  Army  Human  Engineering  Laboratory  (USAHEL)  is  the  Army's 
lead  laboratory  in  the  assessment  of  the  soldier-equipment  interface.  Our 
purpose  is  to  Increase  the  efficiency  and  ease  of  use  of  Army  materiel. 

The  purpose  of  this  questionnaire  is  to  improve  a  new  short-range  air 
defense  command  and  control  (SHORAD  C^)  system.  The  laboratory  la  working 
currently  on  the  design  of  this  system.  It  Is  very  Important  to  find  out 
how  you  think  the  system  should  work.  Your  honest  opinion  is  essential. 


5 


At  the  fire  unit,  the  SEORAD  system  will  provide  a  device,  similar  to 
the  TADDS,  but  with  greatly  improved  reliability,  capability,  and  quickness 
of  operation.  In  addition  to  target  location  and  identification,  the 
system  will  be  able  to  display  other  important  information  in  written  or 
map  form.  Also,  the  device  will  allow  two-way  communication  by  data  or 
digital  link  and  will  replace  much  of  the  voice  radio  transmission 
currently  required. 

At  the  radar,  one  of  tne  purposes  of  the  SHORAD  system  will  be  to  enter 
target  data  into  the  system. 

Ac  battalion,  the  associated  devices  will  have  many  command  purposes  and 
capabilities. 

Each  question  should  be  answered  according  to  the  instructions.  All 
answers  and  personal  data  provided  will  be  treated  with  regards  to  your 
privacy  in  accordance  vfith  the  Privacy  Act  of  1974.  If  you  have  any 
questions,  please  ask  one  of  the  questionnaire  administrators  for 
assistance.  When  you  have  completed  the  questionnaire  leave  it  with  one  of 
the  administrators. 


1.  Length  of  military  service: 

2.  Rank: 


_year(8) 


moathCs) 


3,  Primary  HOS; 


4.  Number  of  years  and  mnchs  in  primary 

5.  Additional  MOSe  (if  any):  _ _ 


jrr(8) 


noothCs) 


b.  Agui 


7.  Ctieck  tt:e  highest  level  of  education  completed. 


11 th  grade  or  below 

(Ugh  school  diploma 

Crnd-jate  equivalency  degree  (GEU) 

Sotie  college 

College  degree 
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8»  Check  all  of  the  following  which  apply  to  you: 

Have  played  video  games 
__________  Frequently  play  video  games 

_  Have  taken  computer  courseCs) 

_________  Have  had  some  experience  with  a  home  computer 

_ Have  had  a  lot  of  experience  with  a  home  computer 

_________  Have  used  a  computer  some  of  the  time  In  my  work 

_  Have  used  a  computer  much  of  the  time  In  my  work 

9.  Place  a  check  mark  by  those  Items  of  Information  which  you  must  know  to 
complete  your  combat  mission.  Place  a  question  mark  ”?**  by  any  item 
which  you  do  not  understand. 

_  Target  position  _  Highest  priority  target 

_  Target  speed  _  Warning  report 

Target  heading  _  MOFP  status 

_  Target  identification  _  Ammunition  resupply  point 

_  Target  type  _  POL  resupply  point 

_  Kill  assessment 

_  Raid  size  or  number  of  aircraft 

_  Track  designator 

_  Engagement  priority 

_  Jamming  or  electronic  countermeasures  (ECM) 

_  Map  location  of  weapon 

_  Number  of  rounds  or  missiles  remaining 

_  Primary  target  line 

_  Sector  of  fire 

_  Area  of  operations 

_  Weapons  control  status 

_  Air  defense  warning 

_____  Defended  asset 

_  Priority  of  assets 

_  Air  corridors 

_____  Weapons  engagement  zone 

Identification  friend  or  foe  (IFP)/8elQCtlve 
Identification  feature  (SIP)  codes 

_ _  Coramunlcatlons-eleetroolcs  operation  Instructions  (CEOI) 

_  NBC  report  1-3 

Firing  doctrine 

_ _  Rules  engagemant 

_____  Uoatile  criteria 

______  Enemy  activity  report 

'  Movement  order  and  mission 

.  Map  data.  Including  manmade  objects  (roads,  buildings, 

bridges ) 

______  Battle  lines  and  otiait  battlefield  geometry 

State  of  alert 
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10.  Of  thoa«  lt«M  which  you  chocked  In  the  question  above,  lift  the  5 
most  lafvortent  Item  In  the  flrat  column  ^lov.  List  them  In  order  of 
Importance  with  1  being  tto  moat  Important,  2  being  leas  Important, 
end  80  forth. 

Then  for  each  Item  Indicate  how  often  you  would  use  the  information. 


Contlnuouslyo  Immediately-  Occasionally-  Infrequently- 
every  few  every  few  every  few  every  few 

Items  seconds  minutes  hours  days  or  weeks 


**ln  Che  following  section,  circle  the  letter  of  the  best  answer  or  fill 
in  the  blank. 


il.  How  would  you  like  to  have  target  position  represented? 

a.  Target  range  and  arlmuth  (compass  heading) 
b«  Target’s  geographic  coordinates 

c.  Otlusr  (please  specify) 

d.  Undecided 


12.  How  would  you  like  to  have  target  altitude  represented? 

a.  An  elevation  in  degrees 

b.  An  altitude  category  such  as  high,  medium,  or  low 
c«  An  aUitude  reading  (meters  or  feet) 

d.  Other  (plesae  apeclfy) 

e.  Untied  ded 


13.  Which  category  of  tdencKicatlon  do  you  pnelert 
a.  Hostile,  fdend,  unknown 
b»  Positive,  hostile,  all  otheri 

c.  Positive,  friend,  all  others 

d.  of  ths  above 


14«  How  do  you  want  ctrgett  to  be  clattified? 

a.  Jet,  propeller,  helicopter,  otsaile,  unknown 

b,  Plxed  wing,  rotary  wing,  missile,  unknown 


d.  Hone  of  the  above 


**An8W£ir  the  following  questions  assuming  that  ^ou  have  an  automatic 
display  capable  of  showing  target  position  beyond  visual  range. 

15.  How  would  you  like  the  air  battle  picture  shown? 

a.  The  single  most  threatening  target 

b.  The  2  most  threatening  targets 

c.  The  3  to  5  most  threatening  targets 

d.  All  hostile  targets 

e.  All  hostile  and  unknown  targets 

f.  All  targets  (hostile,  unkno«m,  and  friendly) 

g.  Other  (please  specify) 

16.  If  the  map  display  davice  indicates  the  hipest  priority  target,  how 
often  would  you  like  the  priority  determined? 

a.  After  engagement  was  completed  or  called  off 

b.  Sometime  before  engagement  is  completed 

c.  Every  seconds  (fill  in  the  blank) 

d.  Undecided 

17.  What  method  of  display  target  movement  do  you  prefer? 


a. 

The  target  to  move  when  the  radar  has  updated  the 

new  position 

b. 

The  target  to  move  continuously  as  predicted  from 
position,  heading,  and  speed 

the  last  kao%m 

c. 

Other  (please  specify) 

d. 

Undecided 

Out 

to  what  ronge  would  you  like  to  have  target  information  supplied? 

a. 

10  km 

b. 

13  km 

c. 

20  km 

d. 

30  km 

e. 

40  km 

f. 

Other  (please  specify) 

8* 

Undecided 

19.  Answer  the  following  4  statements  by  filling  in  the  blanks. 

a.  I  want  to  know  that  a  hoetila  or  unknown  target  is  present  whan  it 

is  km  away 

b.  ’L  want  to  know  that  a  friendly  aircraft  is  present  when  it  is 

is  ka  away 

c.  I  want  "to  know  the  exact  position  of  a  hostile  or  unknown  target 
when  it  i*  .  _  km  away 

d.  I  want  to  kn"ow'*t^e  exact  position  of  a  friendly  aircrsft  edien  it 

is  km  away 


20.  Wh«t  target  position  sccurscy  do  you  want? 

a.  To  within  100  m  (1/10  k») 

b.  To  within  500  m  (1/2  km) 

c.  To  within  1  kffl 

d.  To  within  2  km 

e.  To  within  S  km 

f.  Other  (please  specify) 

g .  Undecided 

21*  Which  statement  do  you  agree  with  the  most? 

a.  I  want  to  know  the  positions  of  targets  only  within  my  primary 
sector  of  fire 

b.  I  want  to  know  the  positions  of  targets  within  my  primary  ot 
secondary  sector  of  fire 

c*  I  want  Lu  know  the  position  of  targets  within  or  near  my  weapons 
engagement  zone 

d.  I  want  to  know  the  position  of  all  targeta 
e«  Undecided 

22.  How  would  you  prefer  to  receive  target  position  information  from 
beyond  visual  range? 

a.  From  a  display  me 

b.  From  voice  commancs  directing  or  pointing  to  the  direction 
of  the  target 

c.  From  a  display  map  shown  within  the  weapon  sight 

d.  From  tones,  beeps,  or  other  sounds  directing  or  pointing  to  the 
direction  of  the  target 

e .  Undecided 

23.  Uheu  a  target  is  outside  of  your  visual  range,  «^ich  you  prefer 

for  alerting? 

a.  know  only  the  estimated  time  of  arrival 

b.  know  only  tlie  general  direction  of  approach 

c.  Know  both  tlu:  estimated  time  of  arrival  and  Cl«e  general  direction 

of  approach 

d.  Other  (please  speetfy)  . 

e.  Oo  (tot  want  to  know  anything  about  this  type  of  target 

f.  Undecided 


24.  Where  would  you  like  to  have  your  posltloa  located  on  the  display? 
Refer  to  the  diagrams  found  below. 

a.  At  center  of  display  map  b.  At  top  or  bottom  of  display  nap 
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c.  In  corner  of 

display  map 
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e.  Other  (please 
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f*  Uudeclded 


25.  How  would  you  like  the  display  map  to  be  oriented? 

a.  The  top  of  the  display  map  should  always  represent  north 

b.  The  top  of  the  display  map  should  always  represent  the  PTL 

c.  Ihe  top  of  the  display  map  should  be  changeable  to  one  of  the 

four  compass  directions  (east,  west,  north,  south) 

d*  The  top  of  the  display  map  should  change  direction  as  the  display 
“box"  Is  pointed  to  different  directions 

e.  Other  (please  specify)  _ _ 

f.  Undecided  — — — — . 


26.  About  how  large  would  you  like  the  display  area  of  the  map  device  to 
be? 

a.  4"  X  4“ 
b»  6“  X  6“ 

e.  0"  X  8“ 

d.  10“  X  t0“ 

0,  Otiier  (please  specify) 

f .  Undecided  ' . ---n- 

Explain  why  you  choue  the  ulae  you  did,  ___________ 


2?,  Wha-  the  largest  alee  of  Use  laap  display  device  (including  hattcry 
power  source)  that  you  would  he  willing  to  use  and  carry? 

A.  inches 


C 


B,  .  incites 

C,  inches 


28.  is  the  8saxi*a»  weight  that  the  oap  display  device  should  be? 

_ _  pounds 


SO 


**There  er«  different  ways  of  broadcaatlng  voice  mesaagea.  Two  examples 
of  reporting  Initial •  update,  and  scrub  nesaages  follow.  Read  the 
example  and  answer  the  following  <iueatiooa* 

EXAMPLE  A 

Initial  Track,  Initial  Track 
Unknown 

At  Legion  Three,  Four 
Heeding  Southwest 
One  (optional) 

Jet  (optional) 

Track  Designator:  Alpha  Zero  One 

Track  Update 
Alpha  Zero  One 

Now  at  Kentucky  Seven,  Eight 
Heading  Southwest 

Scrub  Track 
Alpha  2Sero,  One 


EXAMPLE  B 
New  Track 

(Identification  only  reported  for  positive  hostile  or  friendly  tracks) 
At  Legion  Three,  Four 
Track:  Alpha  Zero,  One 

Update 

Apha  Zero,  One 
At  Kentucky  Seven,  Eight 

Scrub 

Alpha  Zero,  One 

29.  tfliich  example  would  you  prefer  to  use? 

9.  Message  format  A 
b>  Hessago  format  5 
c.  Undecided 

)0.  Which  example  would  be  quicker  to  broadcast  over  radioT 

a.  Message  format  A 

b.  Message  format  8 

c.  No  difference  in  quickness 

d.  Undecided 


31.  Which  exsaple  would  be  easier  to  uaderstand? 

a.  Heaaage  foroat  A 

b.  Neeaage  fortaat  B 

c«  No  difference  in  ease  of  undaratandiog 
d.  Undecided 

32.  Which  exattple  gives  the  infonoatioa  which  you  would  rather  have? 
a.  Message  format  A 

b»  Miosage  format  B 

c.  No  difference  in  information 

d.  Undecided 

33.  What  do  you  think  la  the  biggest  problem  related  to  SHQRAO  command  and 
control?  Explain. 


34.  What  do  you  think  is  the  biggest  problem  related  to  air  defense 
artillery  (AOA)?  Explain. 


33.  If  you  have  any  comments  about  this  questionnaire,  please  explain 


